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(57) ABSTRACT

The invention relates to a method and a system for calibrating
an analogue I/QQ-modulator (2) of a transmutter (3), wherein a
calibration signal (s(t,)) 1s transmitted and an 1n-phase signal
(s(t,)) and a quadrature-phase signal (s(t;)) ot the calibra-
tion signal (s(t,)) are adjusted by at least one predetermined
compensation coefficient (C, D, E) in two calibration steps 1n
at least one compensation measurement set (u,, V,, W ),
whereby: —in a first calibration step, the calibration signal
(s(t,)) 1s adjusted by a first complex compensation value
(C,..1, D,,.1, E,, 1) and an output signal of the detector circuit
(20) 1s correlated with a harmomnic (H,, H,) of said calibration
signal (s(t,)) to yield a first complex compensation measure-
ment result (u,, ,, V, ., W, ), —in a second calibration step,
the calibration signal (s(t;)) 1s adjusted by a second complex
compensation value (C,, ,,D,, ,,E, ,)and the output signal of
the detector circuit (20) 1s correlated with said harmonic (H,,
H.,) of said calibration signal (s(t,)) to yield a second complex
compensation measurement result (u,, ,, V,, 5, W, ,), —anext
optimum compensation value (C , D, ., E ) of the complex
compensation coelficient (C, D, E) 1s determined on said
complex compensation values (C,,,, C,,, D, ,, D, 5, E, |,
E, ,) and said complex compensation measurement results
W15 Uy Vi1 Vs W1 W, 00),

40 Claims, 1 Drawing Sheet
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METHOD AND SYSTEM FOR CALIBRATING
AN ANALOGUE IQ-MODULATOR OF A
TRANSMITTER

FIELD OF THE INVENTION

The invention relates to a method and a system for calibrat-
ing an analogue I/QQ-modulator of a transmitter used 1n a
digital communication system.

BACKGROUND OF THE INVENTION

Modern communication or transmit systems are based on
digital signal processing technology. Such communication
systems can transmit and receive signals. Digital communi-
cation techniques are used in almost all areas of wireless
communication such as radio communication, telecommuni-
cation and local area networks. Digital communication 1s
based on a special class of communication signals, sent by a
transmitter and recerved by a recerver, using digital modula-
tion techniques. These techniques make use of a class of
signal modulators, which perform vector or quadrature
modulation. A vector-modulated or quadrature-modulated
signal 1s an amplitude and phase modulated signal that 1s
modulated according to in-phase and quadrature-phase com-
ponents, which define a phase vector. In vector or quadrature
modulation, two modulation mmput signals independently
modulate the in-phase component or signal (I) and the
quadrature-phase component or signal (QQ) of a carrier signal.
A usual digital transmitter architecture comprises an up-con-
version of the transmit signal from baseband to the RF carrier
frequency by a tunable or fixed analog I/(Q modulator (=1/Q)
up-conversion).

However, unavoidable imbalances between I- and
QQ-branches 1n the analog part of the transmitter lead to an
insuificient suppression of the image signal. Due to hardware
tolerances a perfectly balanced analog I/()Q modulator 1s not
teasible, resulting 1n a limited suppression of the image sig-
nal. The main 1ssues 1n designing a I/() modulator are com-
pensation of the I/Q imbalance by maintenance of quadrature
phase between I and (Q channels (1.e. minimization of ampli-
tude and/or phase errors between I and Q channels) and
mimmization of direct current (DC) offsets (1.e. minimization
of carrier leakage). Each of these factors can introduce dis-
tortion into the transmitted signal which can result in an
increased bit-error rate at the receiver. Furthermore, these
factors vary with temperature, device biasing, component
aging and Irequency, oiten making readjustment during
operation necessary. Therefore the effects of I/(Q imbalance
must be compensated, e.g. by using digital signal processing.

Digital compensation of analog 1/QQ imbalance has been
widely described 1n different documents. Most publications
consider I/QQ imbalances at the receiver. Because here the
analog imbalances occur before the digital part, a straight-
forward compensation technique based on adaptive filtering
or blind coelficient estimation can be realized.

Other systems use compensation of I/QQ imbalances at the
transmitter. Such methods are much more difficult. The U.S.
Pat. No. 6,298,096 B1 describe a transmit modulator which
uses a quadrature modulator having a predistortion block
which produces a pre-distorted output signal. The predistor-
tion block pre-compensates errors itroduced by the quadra-
ture modulator based on a set of predistortion coetlicients.
The quadrature modulator receives the output signals from
the predistortion block. The quadrature modulator up-con-
verts the I and QQ channel signals and combines them. In the
process, the quadrature modulator introduces errors. In cali-
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bration mode, a sinusoidal wave at a calibration frequency 1s
applied to the mput of the predistortion block and a trans-

former 1s coupled to the output of the quadrature modulator.
The transformer produces a digital representation of a spec-
trum of the output of the quadrature modulator converted to
baseband. Spurious energy produced by the quadrature
modulator errors but reduced by the etfect of the predistortion
block 1s generated at the calibration frequency and the double
ol the calibration frequency. A quadric polynomial minimi-
zation calculator receives the output of the transformer. The
quadratic polynomial minimization calculator determines a
subsequent value of the predistortion coetlicients based upon
a quadratic relationship between energies present 1n the digi-
tal representation of the spectrum of the output of the quadra-
ture modulator at the calibration frequencies and the values of
the previous predistortion coefficients. This prior art compen-
sation method bases on re-executed iterative process. Alter an
initial determination has been made, each time the iterative
compensation process 1s re-executed, the previous values of
the predistortion coellicients are used as a starting point. This
process requires extra time to converge upon optimal values.

Furthermore, the EP 04106643.2 describes another
method for LO leakage and 1I/QQ mismatch calibration. This
calibration method bases on the adjustment of a calibration
signal by at least one predetermined compensation coelll-
cient. This compensation coelficient 1s determined 1n three
calibration steps. This process requires also extra time to
converge upon optimal compensation values.

OBJECT OF THE INVENTION

Therefore, 1t 1s an object of the invention to provide a
method and a system for calibrating an analogue I/Q-modu-
lator of a transmitter used 1n digital communication system
which does not consume an excessive amount of processing
time and power.

This problem 1s solved by a calibrating method comprising,
the attributes given 1n claim 1.

Advantageous embodiments of the mnvention are given 1n
the dependent claims.

According to the invention, a calibration signal s(t;) 1s
transmitted and an in-phase signal s,t,) and a quadrature-
phase signal s ,(t;) of the calibration signal s(t,) are adjusted
by at least one predetermined compensation coellicient in two
calibration steps 1n at least one compensation measurement
set. The two calibration steps are subdivided 1n a first and
second calibration step. In the first calibration step, the cali-
bration signal 1s adjusted by a first complex compensation
value and an output signal of a detector circuit 1s correlated
with a harmonic of said calibration signal s(t,) to yield a first
complex compensation measurement result. In the second
calibration step, the calibration signal s(t,) 1s adjusted by a
second complex compensation value and the output signal of
the detector circuit 1s correlated with said harmonic of said
calibration signal s(t,) to yield a second complex compensa-
tion measurement result. Subsequently, the next optimum
compensation value of at least one of the complex compen-
sation coellicients 1s determined on the respective complex
compensation values and the respective complex compensa-
tion measurement results.

Such calibration method reduced to two calibration mea-
surement steps results 1n a stmple and quick process to cali-
brate an I/QQ modulator 1n a transmitter with predetermined
compensation coellicients compensating amplitude and/or
phase imbalance and DC offsets or as wish other signal
impairment. Advantageously, the calibration process 1s based
on a linear compensation, which allows reducing the number
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ol calibration measurement stages to only two calibration
stages described 1n the following.

In accordance with an aspect of the ivention, one of the
compensation coeflicients represents a complex I/QQ compen-
sation coetlicient for I/QQ compensation. For a graduate cali-
bration method, different predetermined complex I/QQ com-
pensation values are applied coarse and fine 1/Q
compensation coelficients. Other compensation coelificients
represent coarse and fine DC compensation coefficients. In
the calibration method each compensation coelificient 1s
applied by two compensation values.

In other words: Whether I/QQ compensation or DC compen-
sation 1s provided or both are provided, 1n a first calibration
step the calibration signal 1s adjusted by a first complex com-
pensation value. In this step the output signal of the detector
circuit 1s correlated with a harmonic of said calibration signal,
¢.g. with the second harmonic to yield a first complex 1/QQ
compensation measurement result or with the first har-
monic (=fundamental frequency) to yield a first complex DC
compensation measurement result. In the second calibration
step, the calibration signal 1s adjusted by a second complex
compensation value. In this step the output signal of the
detector circuit 1s correlated with said harmonic of the cali-
bration signal, e.g. with the second harmonic to yield a second
complex I/QQ compensation measurement result or with the
first harmonic (=fundamental frequency) to yield a second
complex DC compensation measurement result. The next
optimum compensation value 1s determined on said complex
compensation values and said complex compensation mea-
surement results given by:

For 1/QQ compensation with the I/QQ compensation coetfi-
cient C:

CH:(HH,E.CH,]._HH,]. .CH,,E)/(HHQ_HH,I)'

For coarse DC compensation with the coarse DC compen-
sation coel

[

1cient E:

Enz(vnj .EH .1 _vn? 1 .EH ?2)‘/(1)}: 2 vn.}, l) -

For fine DC compensation with the fine DC compensation
coellicient D:

DHZ(WH,E .Dn,l_wn?l .DHQ)/(WH?E_ wn,l)'

In another embodiment of the invention, for each compen-
sation coellicient a set of calibration measurements 1s pro-
vided. In a sophisticated embodiment the compensation of
I/QQ imbalances and DC ofisets 1s performed stepwise 1n
coarse and fine calibration measurement sets. For instance, 1n
a coarse calibration measurement set for coarse 1/QQ compen-
sation the first I/Q) compensation value 1s set on a positive
predetermined constant and respective complex coarse 1/Q)
compensation measurements are provided over a predeter-
mined number of periods for averaging. Furthermore, the
second 1/Q) compensation value 1s set on a negative predeter-
mined constant and respective complex coarse 1/()Q compen-
sation measurements are provided over predetermined peri-
ods. Subsequently, the next optimum coarse 1/Q)
compensation value 1s determined by said I/QQ compensation
values and said complex coarse I/QQ measurement results. In a
fine calibration measurement set for fine I/QQ compensation
the first complex fine I/Q compensation value 1s given by the
previous optimum and the positive predetermined constant
and the second complex fine I/Q compensation value 1s given
by the previous optimum and the negative predetermined
constant.

Each of the calibration measurement sets 1s performed in
same predetermined periods for averaging. Alternatively or
additionally, the calibration measurement sets may be per-
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formed in different predetermined periods for averaging.
These different periods for determiming compensation values
ol the respective compensation coelficient allow a graduated
calibration method for a fine and coarse compensation. As a
preferred embodiment the predefined periods of coarse cali-
bration measurement sets are lower than the predefined peri-
ods of fine calibration measurement sets. E.g. for a coarse
calibration measurement set the predefined period for aver-
aging 1s set onto 8 periods and for a fine calibration measure-
ment set the predefined period 1s set onto 64 periods. This
allows 1n an easier way a graduate calibration with fine and
coarse calibration of the I/QQ modulator.

In a further embodiment of the invention for each compen-
sation coellicient a value range with a maximum compensa-
tion value and a minimum compensation value 1s predefined.
In order to keep the value range, the next optimum value 1s
observed. In case that a real part or an 1maginary part of the
next optimum value exceeds a limit of the given value range,
this next optimum value 1s set on the given maximum or
minimum compensation value.

Furthermore, the compensation values of the compensa-
tion coellicients can be determined under different working
conditions, e.g. at different frequency conditions and/or tem-
perature conditions and/or at a changed working status.

The compensation process 1s configured to compensate
one or more 1imbalances. For instance, one of the compensa-
tion coellicients compensates amplitude and phase imbalance
in the in-phase signal s (t, ) and 1n the quadrature-phase signal
s o(tr). Other compensation coetficients compensate D.C. oft-
sets 1n the m-phase signal s(t;) and 1n the quadrature-phase
signal s 5(t,).

With regard to the system for calibrating an analogue 1/Q-
modulator of a transmitter the problem 1s solved with:

a baseband processor generating a calibration signal s(t,)
as an 1put signal with an in-phase signal s/t,) and a
quadrature-phase signal s (1),

a digital compensation circuit for adjusting said in-phase
signal s,(t,) and said quadrature-phase signal s ,(t,) by at
least one complex compensation coetlicient 1n two cali-
bration steps,

a I/QQ modulator for modulating the adjusted 1n-phase sig-
nal and the adjusted quadrature-phase signal and for
generating an RF output signal s, (1),

an analog detector circuit coupled to I/Q modulator and
correlated with at least one of the harmonics H, or H, of
said calibration signal s(t, ) to provide complex measure-
ment results for the two calibration steps and

a determination circuit for determining next optimum com-
pensation values of the complex compensation coetfi-
cients to pre-distort the in-phase signal s{t,) and the
quadrature-phase signal s(t,).

Furthermore, the system comprises a digital-analog con-
verter coupled between the compensation circuit and the ana-
log 1/Q modulator that converts the digital in-phase signal
s,(t;,) and the digital quadrature-phase signal s,(t;) 1nto an
analog I baseband signal and an analog () baseband signal.

In a preferred embodiment, said detector circuit 1s a power
detector for determining the output power of the RF output
signal s, (t). The detection and determination chain includes
an analog-digital converter that digitizes the determined RF
output signal s,.(t). The analog-digital converter 1s coupled
to said detector circuit. The digitalized signals are fed into
said determination circuit which 1s for instance a digital sig-
nal processor coupled to said detector circuit for determinming,
the values of the relevant compensation coelificients.
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BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 shows a functional diagram of a transmitting part of
a system for calibrating an analogue I/Q-modulator of a trans-
mitter, comprising a compensation circuit and an I/Q-modu-
lator,

FIG. 2 shows a functional diagram of a detecting and
determination part of a system for calibrating said analogue
I/Q-modulator, comprising a detector circuit and a determi-
nation circuit.

DETAILED DESCRIPTION OF THE DRAWINGS

The present invention 1s described in more detail. In par-
ticular, the present invention will be described with an exem-
plary model developed for a detector circuit comprising a
power detector.

FIG. 1 shows a functional diagram for a system for cali-
brating an analogue I/Q-modulator 2 of a for instance direct
up-conversion transmitter 3 with a compensation circuit 4.
The transmitter 3 may be used 1 radio communication
devices such as WL AN transmitter or transceiver which may
be 1ntegrated 1n several electronic devices such as 1n pocket
PC’s, 1n mobile phones, 1n digital cameras, etc.

The transmitting chain 1 comprises a baseband processor
5, said compensation circuit 4, a pair of digital-analog con-
verters 6, said I/QQ-modulator 2 and an antenna 7. The base-
band processor 5 may be, for instance, a digital signal pro-
cessor, central processing unit, or some other type of
processing device or logic circuitry.

The baseband processor 5 generates a digital input signal
s(t,) with an in-phase signal s,(t,) and a quadrature-phase
signal s,(t,) for RF transmission via the antenna 7.

Said 1n-phase signal sAt;) and quadrature-phase signal
so(ty) are adjusted by different compensation coetlicients
Cro, Dy and/or By, 1n the compensation circuit 4 by the
tollowing equations:

d(t;)=Cres () +st; )+ Dy

where d(t,), d (1) are the digital input signals of the digital-
analog converters 6, yielding the analog output signals a(t)
and a,(1); C;and C,, are the coefticients for I/Q imbalance

compensation; D, and D, are the coetf

icients for digital fine
DC offset compensation.

The adjusted digital in-phase signal d{t,) and the adjusted
digital quadrature-phase signal d ,(t,) are then converted into
the analog domain by the pair of digital-analog converters 6
and are feed into the I/Q-modulator 2 for direct up-conver-
S1011.

Said 1I/QQ modulator 2 contains an analog DC oflset com-
pensation circuit 15 described by the following equations:

chlty=a )+ V*E,

colt)=ag()+V*E,

where E; and E, are the coetlicients for analog coarse DC
offset compensation and V describes the characteristic of the
DC offset compensation of the digital-analog converters 23.

Although the coarse DC compensation coetiicients E, and
E, and the fine DC compensation coetficients D; and D,
compensate the same impairment, namely DC oflsets, 1t 1s an
advantage to have both. Without the coarse DC oflset com-
pensation E; and E ,, the fine DC offset compensation values
D; and D, could become so large that the dynamic range of
the digital-analog converters 6 would be degraded.
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The output signals ¢,(t) and cy(t) of the compensation
circuit 135 are fed imnto mixer 18 and 19 , running ata RF carrier
frequency from alocal oscillator 8 and generating a RF output
signal s, ~(t) transmitted via the antenna 7. Additionally, fur-
ther components such as amplifier, filter, e.g. low pass filters,
may be included 1n the transmit chain 1.

The determination of the Compensation coeticients C,,

D, and/or Ej,, 1s described now in more detail:

FIG. 2 shows a functional diagram of a detecting and
determination part of a system for calibrating said analog
I/QQ-modulator 2, comprising a detector circuit 20 and a deter-
mination circuit 21.

Said analog detector circuit 20 may be coupled to the 1I/Q
modulator 2 directly. In a preferred embodiment, said detec-
tor circuit 20 1s a power detector 22 for determining the output
power of the RF output signal s .(t). The calibration method
1s robust versus the specific characteristic of the power detec-
tor 22, 1.e. does not matter whether 1t 1s e.g. a linear or a
logarithmic envelop detector. The detection and determina-
tion chain imncludes an analog-digital converter 24 coupled to
said detector circuit 20. The analog-digital converter 24 con-
verts the analog detector signal into the digital signal p(t,).
This digitized signal p(t,) 1s fed into said determination cir-
cuit 21 which 1s for instance a digital signal processor coupled
to said detector circuit 20 for determining the values of one or
more relevant compensation coetficients C; ,, D, o, E;

When performing a calibration measurement set, the base-

band processor 5 transmits a calibration signal s(t,) with a
frequency 1, according to:

st )=A-cos(2m f5t;),

Sollp)=AsIn(2m:fo1y,).

For DC offset measurements to determine DC offset com-
pensation coellicients D and E, the determination circuit 21
correlates the power detector signal p(t,) with the same fre-
quency 1., especially with the first harmonic H, (=1 1, fun-
damental frequency), according to:

NM -1

= Z p(fk) - CDS(ZH . f{] - I )-,-
k=0

NM —1
Vo, Wo = Z p(i ) - sin(2x - fo - iy ).

where M 1s the number of samples of a single period of the
calibration signal s(t,) with the frequency 1, and N 1s the
number of periods for averaging; v and w are the measure-
ment results for the compensation coetficient E and D.

In a possible embodiment of this invention, the sampling
rate 1s 20 MHz (1.e. t,__,—t,=50 ns), the frequency 1, 1s 312.5
kHz and the number of samples M 1s 64. The number of
periods N for averaging could be different.

For I/QQ imbalance compensation measurements to deter-
mine I/QQ compensation coellicients C, the determination cir-
cuit 21 correlates the power detector signal p(t,) with the
frequency 1,, especially with the second harmonic H, (=21,).
according to:

NM -1

Uy = Z p(r;)-cos(dnm- fo- 1),
k=0

N -1

Ug = ; pl ) - sinfdz - fo- 7).
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For describing the calculation of the next optimum com-
pensation coelficients C, D and/or E, 1t 1s advantageous to
introduce the complex notation:

[/QQ compensation C=C;+*Cp,
Coarse DC compensation E =E;+ J*E,,
Fine DC compensation D =D;+*D,,

[/QQ measurement results
Coarse DC measurement results
Fine DC measurement results

—_— . R
u=1u;+]*ug,
V=VI+J*VQ,
W =W;+]*W,.

For I/Q compensation measurement n, two complex I/Q)
compensation values C,, , and C,, , are applied and the corre-
sponding I/QQ compensation measurement results are mea-
sured. Advantageously, the 1/Q compensation values C, |,
and C, , are set as follows:

C

M

1=C,+AC,

C

M

2>=C,,-AC,

where C_ 1s the previous optimum and AC, 1s a predefined
constant.
The next optimum I/QQ compensation value C, 1s then given

by:
CH:(HH,E.CH,,I_HH,I .CH,.E)/(HH,Z_HH,I)'

For coarse DC compensation, the same formulas hold, just
I/QQ compensation coelficient C replaced by the coarse DC
compensation coelficient E:

vn.,. 1 .EH ?2)‘/(1“}}1 2 vn.,. l) -

For fine DC compensation, the same formulas hold, just
I/QQ compensation coelficient C replaced by the fine DC com-
pensation coellicient D:

En:(vnﬁ .EH.}I —

DH:(WH?E .Dn.,.l_wn:.l .DHQ)/(WH?E_ wnﬁl)'

All compensation values C; ,, D; , and/or E; , are real
numbers within a certain valid value range according to:

Crin<=Cp Co<=C

I g T

rHi

D,,i<=Dp Dy<=D,,,, and/or

E,pin<=Ep Eg<=E s

FHI

In order to not exceed these limits, real parts, e.g. C, ,, and
imaginary parts, C, ,ofthe next optimum are checked versus
the limits and saturated if a limit 1s exceeded, 1.e. set to e.g.
C, 1t the actual value>C_ __ or set to C_. 1if the actual

value<C__ . In a possible embodiment, the limits are given
by:

c .=-512,C, =511,
D, .=-1024, D__=1023 and/or

E, =15 E, . =15

Furthermore, in the calibration mode according to the
present invention a plurality of calibration measurement sets
are provided—one or more than one set for each compensa-
tion coetficient Cy,, Dy, E; 5 €ach of them imcludes two
calibration steps for each coetticient C;,,, Dy, By . Indetail:
1. Imitialization

All compensation coe

Set C,=0, D,=0, E=0.

2. Coarse DC compensation (=first calibration measurement
set)

Set B, ;=AE,, measure v, ; using N, periods for aver-
aging (=first calibration step),

N

1cients are set to zero:
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Set E, ,=-AL |, measure v, , using N, periods for averag-
ing (=second calibration step).

Set next optimum  E,=Sat{[v, ,’E, ,-v, ;'E, )/
(Vl,z_Vl,l)} _ ‘ _
3. Coarse 1/QQ compensation (=second calibration measure-
ment set)

Set C, =AC,, measure u,, using N, periods for aver-
aging (=lirst calibration step),

Set C, ,=-AC,, measure u, , using N, periods for averag-
ing (=second calibration step).

Set  next  optimum

(112,2‘_112,1)} _ ‘ _ _
4. Fine DC compensation (=third calibration measurement

set)

Set D3 =AD;, measure w;,; using N; periods for
averaging (=first calibration step),

Set D5 ,=—AD;, measure w; , using N5 periods for averag-
ing (=second calibration step).

Set next optimum D;=Sat{[w; ,'D; ;-W; ;D3 ,)/(W; ,—
W3 1)

5. Fine I/QQ compensation (=tourth calibration measurement
set)

Set C, ,=C,+AC,, measure u, , using N, periods for aver-
aging (=first calibration step),

Set C, ,=C,-AC,, measure u, , using N, periods for aver-
aging (=second calibration step).

Set next optimum  C,=Sat{[u,,C, ;-u,,;C,,)
(114,2_114,1)}

Each calibration measurement set may be performed 1n a
same predetermined period N for averaging. Preferably, the
periods for averaging are different for fine and coarse com-
pensation. In one embodiment the following periods N, to N,
are used:

N,=N,=8 for coarse calibration measurement sets and

N,=N_,=64 for fine calibration measurement sets.

Such linear compensation method with predefined values
reduces the number of calibration measurements to two mea-
surements. Usually, further iterations do not improve the
result.

Furthermore, the compensation coetficients C,,,, D, , and/
or E;, may be determined and calculated under ditferent
working conditions, e.g. at different frequency conditions
and/or temperature conditions and/or at a changed working
status.

In a further alternate embodiment, the baseband processor
5 and the determination circuit 21 may be the same digital
signal processing unit, such as a digital signal processor, a
central processing unit, or some other type ol processing
device or logic circuitry digital processing unit.

szsat{ [u:z,:z'cz,l —Us 4 'Cz,z)/

The invention claimed 1s:
1. A method for calibrating an analog I/QQ-modulator of a
transmitter, comprising the steps of:

adjusting a calibration signal with a first predetermined
compensation value;

correlating a first harmonic of the calibration signal with a
first detector circuit output to result i a first complex
compensation measurement result;

adjusting the calibration signal with a second predeter-
mined compensation value;

correlating a second harmonic of the calibration signal
with a second detector circuit output to result 1n a second
complex compensation measurement result;

generating an optimum compensation value by using the
first and second predetermined compensation values and
the first and second complex compensation measure-
ment results:
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adding a positive oifset to the first predetermined compen-

sation value;

subtracting a negative oflset from the second predeter-

mined compensation value;

generating a first complex coarse compensation measure-

ment result or a first complex fine compensation mea-
surement result over a predetermined period for averag-
ing; and

generating a first optimum coarse compensation value or a

first optimum fine compensation value.

2. The method according to claim 1, wherein the first and
second predetermined compensation values are each set to a
minimum or maximum value where a minimum or maximum
value, respectively, 1s exceeded.

3. The method according to claim 1, wherein the adjusting,
correlating, and generating steps occur under varied working
conditions.

4. The method according to claim 1, wherein the first and
second predetermined compensation values are set to zero
betfore adjusting the calibration signal.

5. The method according to claim 1, wherein the first and
second detector circuit output may be equal.

6. The method according to claim 1, wherein the first and
second harmonic of the calibration signals may be equal.

7. The method according to claim 1, wherein the first and
second predetermined compensation values may be equal.

8. The method according to claim 1, wherein the calibra-
tion signal consists of an in-phase signal and a quadrature-
phase signal.

9. The method according to claim 1, wherein the first and
second predetermined compensation values are first and sec-
ond complex 1I/QQ compensation coellicients for I/QQ compen-
sation, respectively.

10. The method according to claim 9, wherein the first and
second complex compensation measurement results are first
and second complex 1/Q) compensation measurement results,
respectively.

11. The method according to claim 10, wherein the opti-
mum compensation value 1s an optimum I/QQ compensation
value.

12. The method according to claim 11, wherein the adding
includes adding the positive offset to the first complex 1/Q)
compensation coelficient for I/QQ compensation, wherein the
subtracting includes subtracting the negative oilset from the
second complex I/QQ compensation coelficient for I/QQ com-
pensation, wherein the generating the first complex coarse
compensation measurement result or the first complex fine
compensation measurement result includes generating a first
complex coarse 1/QQ compensation measurement result over
the predetermined period for averaging, and wherein the gen-
erating the first optimum coarse compensation value or the
first optimum fine compensation value includes generating a
first optimum coarse 1/(Q compensation value.

13. The method according to claim 12, wherein the first and
second complex I/QQ compensation coellicients are set to zero
before adjusting the calibration signal.

14. The method according to claim 12, wherein the first and
second complex I/QQ compensation coellicients are each set to
a minimum or maximum value where a minimum or maxi-
mum value, respectively, 1s exceeded.

15. The method according to claim 10, wherein the adding
includes adding the positive offset to the first complex 1/Q)
compensation coelficient for I/QQ compensation, wherein the
subtracting includes subtracting the negative offset from the
second complex I/QQ compensation coelficient for I/QQ com-
pensation, wherein the generating the first complex coarse
compensation measurement result or the first complex fine
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compensation measurement result includes generating a first
complex fine I/Q compensation measurement result over the
predetermined period for averaging, and wherein the gener-
ating the first optimum coarse compensation value or the first
optimum fine compensation value includes generating a first
optimum {ine I/QQ compensation value.

16. The method according to claim 15, wherein the first and
second complex I/QQ compensation coellicients are set to zero
betore adjusting the calibration signal.

17. The method according to claim 15, wherein the first and
second complex 1/Q) compensation coellicients are each set to
a minimum or maximum value where a minimum or maxi-
mum value, respectively, 1s exceeded.

18. The method according to claim 1, wherein the first and
second predetermined compensation values are first and sec-
ond complex coarse DC compensation coelficients, respec-
tively.

19. The method according to claim 18, wherein the first and
second complex compensation measurement results are first
and second complex coarse DC compensation measurement
results, respectively.

20. The method according to claim 19, wherein the opti-
mum compensation value 1s an optimum coarse DC compen-
sation value.

21. The method according to claim 20, wherein the adding,
includes adding the positive offset to the first complex coarse
DC compensation coeflicient, wherein the subtracting
includes subtracting the negative oflset from the second com-
plex coarse DC compensation coelficient, wherein the gen-
erating the first complex coarse compensation measurement
result or the first complex fine compensation measurement
result includes generating a first complex coarse DC compen-
sation measurement result over the predetermined period for
averaging, and wherein the generating the first optimum
coarse compensation value or the first optimum fine compen-
sation value includes generating a first optimum coarse DC
compensation value.

22. The method according to claim 21, wherein the first and
second complex coarse DC compensation coellicients are set
to zero before adjusting the calibration signal.

23. The method according to claim 21, wherein the first and
second complex coarse DC compensation coelficients are
cach set to a minimum or maximum value where a minimum
or maximum value, respectively, 1s exceeded.

24. The method according to claim 1, wherein the first and
second predetermined compensation values are first and sec-
ond complex fine DC compensation coellicients, respec-
tively.

25. The method according to claim 24, wherein the first and
second complex compensation measurement results are first
and second complex fine DC compensation measurement
results, respectively.

26. The method according to claim 25, wherein the opti-
mum compensation value 1s an optimum fine DC compensa-
tion value.

277. The method according to claim 26, wherein the adding,
includes adding the positive offset to the first complex fine
DC compensation coelficient, wherein the subtracting
includes subtracting the negative oilset from the second com-
plex fine DC compensation coellicient, wherein the generat-
ing the first complex coarse compensation measurement
result or the first complex fine compensation measurement
result includes generating a first complex fine DC compen-
sation measurement result over the predetermined period for
averaging, and wherein the generating the first optimum
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coarse compensation value or the first optimum fine compen-
sation value includes generating a first optimum fine DC
compensation value.
28. The method according to claim 27, wherein the first and
second complex fine DC compensation coellicients are set to
zero before adjusting the calibration signal.
29. The method according to claim 27, wherein the first and
second complex fine DC compensation coellicients are each
set to a minimum or maximum value where a minimum or
maximum value, respectively, 1s exceeded.
30. A method for calibrating an analog I/Q-modulator of a
transmitter, comprising:
generating a calibration signal with a baseband processor;
adjusting the calibration signal by one or more complex
compensation coelficients 1 two steps by using a digital
compensation circuit coupled to the baseband proces-
SOT';

modulating the adjusted calibration signal and generating
an RF output signal by using an I/QQ modulator coupled
to the digital compensation circuit and baseband proces-
SOF';

receiving one or more harmonic signals of the calibration
signal and generating complex measurement results
over the two steps by using an analog detector circuit
coupled to the I/QQ modulator;

determining optimum complex compensation coellicients

in order to pre-distort the calibration signal by using a
determination circuit coupled to the analog detector cir-
cuit,

adding a positive offset to a first complex compensation

coellicient of the one or more complex compensation
coefficients;

subtracting a negative oflset from a second complex com-

pensation coellicient of the one or more complex com-
pensation coellicients;

generating a first complex coarse compensation measure-

ment result or a first complex fine compensation mea-
surement result over a predetermined period for averag-
ing; and

generating a first optimum coarse compensation value or a

first optimum fine compensation value.

31. The method according to claim 30, wherein the cali-
bration signal 1s an in-phase signal and a quadrature-phase
signal.

32. The method according to claim 30 further comprising
converting the calibration signal into an analog I-baseband
signal and an analog (Q-baseband signal by using a digital-to-
analog converter coupled to the compensation circuit and the
I/QQ modulator.

33. The method according to claim 30, further comprising
determining the output power of the RF output signal by using
the analog detector circuait.
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34. The method according to claim 33, further comprising
digitizing the determined output power of the RF output
signal by using an analog-to-digital converter coupled to the
analog detector circuait.

35. A system for calibrating an analog I/QQ-modulator of a
transmitter, comprising;:

a baseband processor for generating a calibration signal;

a digital compensation circuit coupled to the baseband
processor for adjusting the calibration signal by one or
more complex compensation coelficients 1n two steps;

an I/QQ modulator coupled to the digital compensation cir-
cuit and baseband processor for modulating the adjusted
calibration signal and generating an RF output signal;

an analog detector circuit coupled to the I/Q modulator for
receiving one or more harmonic signals of the calibra-
tion signal and generating complex measurement results
over the two steps;

a determination circuit coupled to the analog detector cir-
cuit for determining optimum complex compensation
coellicients 1n order to pre-distort the calibration signal,

wherein a positive offset 1s added to a first complex com-
pensation coelficient of the one or more complex com-
pensation coetficients,

wherein a negative oflset 1s subtracted from a second com-
plex compensation coelificient of the one or more com-
plex compensation coellicients,

wherein the analog detector circuit 1s configured to gener-
ate a first complex coarse compensation measurement
result or a first complex fine compensation measurement
result over a predetermined period for averaging, and

wherein the determination circuit 1s configured to generate
a first optimum coarse compensation value or a {first
optimum {ine compensation value.

36. The system according to claim 35, wherein the calibra-
tion signal 1s an in-phase signal and a quadrature-phase sig-
nal.

377. The system according to claim 35, further comprising a
digital-to-analog converter coupled to the compensation cir-
cuit and the I/QQ modulator to convert the calibration signal
into an analog I-baseband signal and an analog (Q-baseband
signal.

38. The system according to claim 35, wherein the analog,
detector circuit 1s a power detector that also determines the
output power of the RF output signal.

39. The system according to claim 38, further comprising
an analog-to-digital converter coupled to the analog detector
circuit for digitizing the determined output power of the RF
output signal.

40. The system according to claim 35, wherein the deter-
mination circuit 1s a digital signal processor.
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